Background -Effective host defence against mycobacterial infection chiefly depends on the interactions between macrophages and T lymphocytes. This study investigated the relation of cellular components and their activity of cells obtained by bronchoalveolar lavage (BAL) from the lower respiratory tract to disease regression in patients with active pulmonary tuberculosis without HIV infection. Methods -Clinical indices including age, sex, the presence of diabetes, fever, the presence of resistant strains of mycobacteria, the bacterial load in sputum, and disease extent on chest radiography at presentation were assessed before commencing four-drug antituberculous therapy. Twenty two patients with active pulmonary tuberculosis were divided into rapid, intermediate, and slow regression groups. Subpopulations ofalveolar macrophages separated using discontinuous Percoll density gradient centrifugation and T lymphocytes (with CD3, CD4, CD8, and CD25 monoclonal antibodies) were quantified. Results -There were no differences among rapid, intermediate, and slow regression groups in terms of age, sex, the presence of diabetes, the presence of resistant strains of mycobacteria, or the bacterial load in sputum. No differences were found between the groups in terms of subpopulations of alveolar macrophages or numbers of CD3 and CD4 lymphocytes. By contrast, an increase in CD8 cells was shown in the slow regression group compared with the rapid and intermediate regression groups. CD25 cell numbers were increased in the rapid regression group compared with the slow regression group. The CD4/CD8 ratio was decreased in the slow regression group compared with the rapid and intermediate regression groups and the relation between the proportion of CD25 cells and the CD4/CD8 ratio in BAL fluid was significant. Conclusions -A decreased CD4/CD8 ratio with an increase in CD8 cells in the alveolar spaces was associated with slow disease regression in patients with active pulmonary tuberculosis without HIV infection, suggesting that the balance of T lymphocyte subsets may play a central part in the modulation of host defence against mycobacterial infection. (Thorax 1995;50:869-874) 
Abstract
Background -Effective host defence against mycobacterial infection chiefly depends on the interactions between macrophages and T lymphocytes. This study investigated the relation of cellular components and their activity of cells obtained by bronchoalveolar lavage (BAL) from the lower respiratory tract to disease regression in patients with active pulmonary tuberculosis without HIV infection. Methods -Clinical indices including age, sex, the presence of diabetes, fever, the presence of resistant strains of mycobacteria, the bacterial load in sputum, and disease extent on chest radiography at presentation were assessed before commencing four-drug antituberculous therapy. Twenty two patients with active pulmonary tuberculosis were divided into rapid, intermediate, and slow regression groups. Subpopulations ofalveolar macrophages separated using discontinuous Percoll density gradient centrifugation and T lymphocytes (with CD3, CD4, CD8, and CD25 monoclonal antibodies) were quantified. Results -There were no differences among rapid, intermediate, and slow regression groups in terms of age, sex, the presence of diabetes, the presence of resistant strains of mycobacteria, or the bacterial load in sputum. No differences were found between the groups in terms of subpopulations of alveolar macrophages or numbers of CD3 and CD4 lymphocytes. By contrast, an increase in CD8 cells was shown in the slow regression group compared with the rapid and intermediate regression groups. CD25 cell numbers were increased in the rapid regression group compared with the slow regression group. The CD4/CD8 ratio was decreased in the slow regression group compared with the rapid and intermediate regression groups and the relation between the proportion of CD25 cells and the CD4/CD8 ratio in BAL fluid was significant. Conclusions -A decreased CD4/CD8 ratio with an increase in CD8 cells in the alveolar spaces was associated with slow disease regression in patients with active pulmonary tuberculosis without HIV infection, suggesting that the balance of T lymphocyte subsets may play a central part in the modulation of host defence against mycobacterial infection. Posteroanterior chest radiographs were taken of all patients at the time of hospital admission and every three months thereafter for at least nine months. A grading of the extent of disease proposed by the World Health Organisation (1960) was adopted to assess the severity of disease at presentation'2: 0=no involvement; 1 = trivial; 2 = slight; 3 = limited; 4 = moderate; 5= extensive; and 6= gross.
PATIENT GROUPING
The study population was allocated to one of three groups according to the resolution of pulmonary lesions: (1) rapid regression group (RR) showing more than 50% improvement in the extent of disease on chest radiography within three months of commencing treatment, and either complete resolution within nine months of treatment or residual fibrotic lesions which were unchanged for at least three months after cessation of treatment; (2) (0 4)). Table 2 shows total cell numbers and subpopulations recovered by BAL in the three study groups. Total cell numbers and percentages ofmacrophages and lymphocytes were not significantly different among the groups, and there were no differences in proportions of alveolar macrophage subpopulations separated by density gradient or total and percentage of CD3 and CD4 T cells. The five patients in the SR group had significantly higher percentages and total numbers of CD8 cells (40-4% (5-4%) and 1-5 (0-3) x 103 cells/ml, respectively) than the eight patients in the RR group (21-5% (3-2%) and 1-0 (0-1) x 103 cells/ml, respectively; p<0-01) and the nine patients in the IR group (23-8% (3-1 %) and 1-0 (0-2) x 103 cells/ml, respectively; p<0-02). Patients in the RR group had a significantly higher proportion and total cell number of CD25 cells (10-8% (0-9%) and 0-5 (0-1) X 103 cells/ml, respectively) than those in the SR group (6-0% (0-9%) and 0-2 (0-1) x 103 cells/ml, respectively; p<0-01), but not those in IR group (8-9% (0-9%) and 0-4 (0 1) x 103 cells/ml). There was no difference in CD25 cell numbers between the IR and SR groups. The CD4/CD8 ratio was significantly lower in the SR group (1-4 (0 3)) than (3-2 (0-4); p<0 02) and the IR p<005), but there was no di the RR and IR groups. The relation between the proportion o CD4/CD8 ratio in BAL fluid of 22 pulmonary tuberculosis.
ALVEOLAR MACROPHAGE AND T LYMPHOCYTE SUBPOPULATIONS

RADIOGRAPHIC RESOLUTION AND SPUTUM CONVERSION
Most patients completely cleared their pulmonary lesions within nine months of fourdrug antituberculous treatment except for three patients in the SR group. The time needed for complete resolution of pulmonary lesions on chest radiography was 6-4 (0.7) months in the RR group, 8-7 (0-6) months in the IR group, and 12-0 (1-3) months in the SR group.
The time needed for sputum conversion was significantly shorter in patients in the RR group (3-0 (0-0) months) than those in the IR group (4-3 (0-5) months; p<0 05) or the SR group (7-8 (0-7) months; p<0.01), and there was also a significant difference between the latter two groups (p<0-01).
RELATIONSHIPS BETWEEN BRONCHOALVEOLAR PROFILES AND CLINICAL INDICES
Three patients in the SR group failed to respond to antituberculous treatment. The pulmonary lesion was progressive in two of these three and stationary in the other, with persistent M tuberculosis in the sputum after nine months of antituberculous treatment. In these three patients the CD4/CD8 ratio was strikingly lower (1-0 (0-1)) than in the other 19 patients (2-7 (0-3); p<0-02), and had a much higher proportion of CD8 cells (48-7% (2-7%)) than the other active tuberculous patients (23-3% (2-0%); p<0-001).
There was no correlation between the number of CD4, CD8 cells or CD4/CD8 ratio and the extent of disease on chest radiography, bacterial load in sputum, age, or the presence of diabetes. However, the proportion of CD25 cells was closely related to the CD4/CD8 ratio in BAL fluid (n = 22, r= 0-76, p<001) (figure).
in the RR group Discussion .group (2) (3) (4) (5) showing a rapid recovery and those with de-layed resolution, indicating that these factors did not contribute to the recovery rate from pulmonary tuberculosis. Host defence against mycobacteria depends chiefly on the interactions between macrophages and T lymphocytes. The macrophage is the effector cell in eradicating mycobacteria and is dependent on interactions with activated T lymphocytes.
The proportion of hypodense alveolar macrophages, an index of macrophage activation,'4 is increased in patients with active pulmonary tuberculosis. '5 In the present study we failed to identify any relation between total cell number or the subpopulations of alveolar macrophages defined by density and recovery rate from active pulmonary tuberculosis. The increase in the proportions of hypodense alveolar macrophages in our previous report'5 and here may therefore represent a local response of macrophages to mycobacterial invasion without reflecting significant differences in prognosis.
T lymphocytes also play a central part in the cell-mediated immune defence against M tuberculosis. Cytokines such as IL-2 or gamma interferon released from CD4 cells may activate macrophages to ingest and kill mycobacteria more effectively6"16 ' and to prime macrophages for massive release of tumour necrosis factor after ingestion ofmycobacteria. 1 Some ofthese cytokines secreted in tuberculosis are endogenous pyrogens'9 that may induce fever. In the present study patients with a delayed or slow recovery were less febrile, which might suggest lower cytokine production that could reflect impaired interaction between T lymphocytes and macrophages. Suppressive lymphocytes have been identified in human tuberculous infections.202' The CD8 cell population may also represent functionally suppressive lymphocytes which downregulate the proliferation of CD4 cells and suppress the antimycobacterial action of macrophages.22 This could cause less tissue damage but at the expense of delaying clearance of the organisms. 22 An inverse relation between the recovery rate of miliary tuberculosis and CD8 cells in BAL fluid has been reported previously.22 Consistent with this, in our study the proportion as well as the total cell number of CD8 cells was significantly inversely related to the recovery rate with a predominance of CD8 cells seen in the SR group compared with the IR and RR groups. When CD8 cells comprised >40% of the total T lymphocyte numbers the time required for 50% improvement in disease extent was more than six months and complete resolution exceeded nine months. It is possible that tuberculosis associated with a higher proportion of CD8 cells in BAL fluid results in a less efficient host defence response, possibly due to downregulation of CD4 T cell and macrophage activity, leading to delayed resolution of disease.
The mechanism responsible for the increase in CD8 cells is unclear. An increase in CD8 cells with a reduced CD4/CD8 ratio has been reported in advanced or disseminated tuberculosis.68102223 A large bacterial load was reported to shift the T cell activation towards a predominance of CD8 cells. However, in the present study the disease extent (in terms of chest radiographic abnormality or bacterial load in sputum) was not related to numbers of CD4 or CD8 cells in BAL fluid.
Activated T lymphocytes may express IL-2 receptors on their cell membrane -that is, CD25 positive cells. A lower proportion of CD25 positive cells in patients with a lower CD4/CD8 ratio implies that T lymphocytes in those patients are less activated than in patients with a higher CD4/CD8 ratio. A significant increase in CD25 cells was found in patients with a rapid resolution of pulmonary tuberculosis compared with those with delayed resolution. The rate of recovery of active pulmonary tuberculosis therefore depends not only on the fine balance between CD4 and CD8 cells, but also the T lymphocyte activation status.
Recovery from tuberculosis, assessed by improvement in disease extent on chest radiography, therefore depends upon the host response to mycobacterial invasion, and this response may be more critical than bacterial virulence or load in determining the efficiency of mycobacterial eradication. A decrease in the CD4/CD8 ratio with an increase in the proportion and total number of CD8 cells in the alveolar spaces can be a predictor for disease resolution in patients with active pulmonary tuberculosis. 
